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INTRODUCTION

Bayesian networks (Jensen, 2001) are powerful
tools for dealing with uncertainty. They have been
successfully applied in a wide range of domains
where this property is an important feature, as in
the case of information retrieval (IR) (Turtle &
Croft, 1991). This field (Baeza-Yates & Ribeiro-
Neto, 1999) is concerned with the representation,
storage, organization, and accessing of informa-
tion items (the textual representation of any kind
of object). Uncertainty is also present in this field,
and, consequently, several approaches based on
these probabilistic graphical models have been
designed in an attempt to represent documents
and their contents (expressed by means of indexed
terms), and the relationships between them, so as
toretrieve asmany relevant documents as possible,
given a query submitted by a user.

Classic IR has evolved from flat documents
(i.e., texts that do not have any kind of structure
relating their contents) with all the indexing
terms directly assigned to the document itself
toward structured information retrieval (SIR)
(Chiaramella, 2001), where the structure or the
hierarchy of contents of a document is taken into
account. For instance, a book can be divided into
chapters, each chapter into sections, each section
into paragraphs, and so on. Terms could be as-
signed to any of the parts where they occur. New
standards, such as SGML or XML, have been
developed to represent this type of document.
Bayesian network models also have been extended
to deal with this new kind of document.

In this article, a structured information re-
trieval application in the domain of a pathological
anatomy service is presented. All the medical
records that this service stores are represented
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in XML, and our contribution involves retrieving
records that are relevant for a given query that
could be formulated by a Boolean expression on
some fields, as well as using a text-free query
on other different fields. The search engine that
answers this second type of query is based on
Bayesian networks.

BACKGROUND

Probabilistic retrieval models (Crestani et al.,
1998) were designed in the early stages of this
discipline to retrieve those documents relevant
to a given query, computing the probability of
relevance. The development of Bayesian networks
and their successful application to real problems
has caused several researchers in the field of IR
to focus their attention on them as an evolution
of probabilistic models. They realized that this
kind of network model could be suitable for use
in IR, specially designed to perform extremely
well in environments where uncertainty is a very
important feature, as is the case of IR, and also
because they can properly represent the relation-
ships between variables.

Bayesian networks are graphical models that
are capable of representing and efficiently manipu-
lating n-dimensional probability distributions.
They use two components to codify qualitative
and quantitative knowledge, respectively: first, a
directed acyclic graph (DAG), G=(V,E), where the
nodesin V represent the random variables from the
problem we want to solve, and set E contains the
arcs thatjoin the nodes. The topology of the graph
(the arcsin E) encodes conditional (in)dependence
relationships between the variables (by means
of the presence or absence of direct connections
between pairs of variables); and second, a set of
conditional distributions drawn from the graph
structure. For each variable X €V, we therefore
have a family of conditional probability distri-
butions P(X, | pa(X,)), where pa(X,) represents
any combination of the values of the variables

in Pa(X,), and Pa(X)) is the parent set of X, in
G. From these conditional distributions, we can
recover the joint distribution over V.

This decomposition of the joint distribution
givesrise to important savings in storage require-
ments. [nmany cases, italso enables probabilistic
inference (propagation) to be performed efficiently
(i.e., to compute the posterior probability for any
variable, given some evidence about the values
of other variables in the graph).

P(X,. X, X,) = [ [ P(X, | pa(X,))

i=1

The first complete IR model based on Bayes-
ian networks was the Inference Network Model
(Turtle & Croft, 1991). Subsequently, two new
models were developed: the Belief Network Model
(Calado et al., 2001; Reis, 2000) and the Bayes-
ian Network Retrieval Model (de Campos et al.,
2003, 2003b, 2003c, 2003d). Of course, not only
have complete models been developed in the IR
context, but also solutions to specific problems
(Dumais, et al., 1998; Tsikrika & Lalmas, 2002;
Wong & Butz, 2000).

Structural document representation requires
IR to design and implement new models and tools
to index, retrieve, and present documents accord-
ing to the given document structure. Models such
as the previously mentioned Bayesian Network
Retrieval Model have been adapted to cope with
this new context (Crestani et al., 2003, 2003b),
and others have been developed from scratch
(Graves & Lalmas, 2002; Ludovic & Gallinari,
2003; Myaeng et al., 1998).

MAIN THRUST

The main purpose of this article is to present the
guidelines for construction and use of a Bayesian-
network-based information retrieval system. The
source document collection is a set of medical re-
cords about patients and their medical tests stored
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